The running quark masses m q (µ) at various energy scales µ (µ = 1GeV, µ = m q , µ = m Z and so on) are evaluated by using the mass renormalization equations systematically. Also, those at energy scales µ higher than µ = m Z (from µ = 10 3 GeV to µ = 10 16 GeV) are evaluated by using the evolution equations of the Yukawa coupling constants for the standard model with a single Higgs boson.
Introduction
It is very important to know reliable values of quark masses m q not only for hadron physicists but also for quark-lepton physicists. For such a purpose, a review article by Gasser and Leutwyler [1] has offered useful information on the running quark masses m q (µ). However, since Gasser and Leutwyler's review article [1] in 1982, there have been some developments, for example, higher order calculation of perturbative QCD [2, 3] , matching condition at quark threshold [4] , and discovery of the top quark [5] .
In this talk we report the running quark masses m q (µ) at various energy scales µ (µ = 1GeV, µ = m q , µ = m Z and so on) which are evaluated by using the mass renormalization equations systematically. The calculation was done by taking the matching condition at the quark flavor threshold into account. Also, those at energy scales µ higher than µ = m Z (from µ = 10
3 GeV to µ = 10 16 GeV)
are evaluated by using the evolution equations of the Yukawa coupling constants for the standard model with a single Higgs boson. . In order to estimate m q (µ) at any µ, we must know the values of the QCD parameters Λ (n) MS (n = 3, 4, 5, 6). In Sec. 4 , the values of α s (µ) and Λ (n) MS are reviewed. In Sec.5, running quark masses m q (µ) are evaluated for various energy scales µ, e.g., µ = 1 GeV, µ = m q , µ = M pole q , µ = m Z , µ = Λ W , and so on, where M pole q is a "pole" mass of the quark, and Λ W is a symmetry breaking energy scale of the electroweak gauge symmetry SU (2) 
. In Sec.6, the reliability of the perturbative calculation below µ ∼ 1 GeV is discussed. In Sec.7, evolution of the Yukawa coupling constants of the standard model with a single Higgs boson is estimated for energy scales higher than µ = Λ W . Finally, Sec.8 is devoted to summary and discussion.
Review: light quark masses at µ = 1 GeV
Since Gasser and Leutwyler [1] have obtained the light quark masses m u (µ), m d (µ) and m s (µ) at µ = 1 GeV, various values of light quark masses are reported. We summarize these values in Table 1 .
As shown in [9] have re-estimated m c and m b precisely and rigorously. On the other hand, from ψ-and Υ-sum rules, Narison (1994) [10] has estimated the running quark masses corresponding to the shortdistance perturbative pole masses to two-loops and three loops. In Table 2 , we summarize their values. We use weighted averages in Table 2 as input values in our calculations. [5, 11] and the D0 collaboration [12] are summarized in Table 3 . We use the values quoted by the particle data group (PDG96) [13] as the pole mass of the top quark. . The effective QCD coupling α s = g 2 s /4π is given by [14] 
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The value of α s (µ) is not continuous at nth quark threshold µ n at which the nth quark flavor channel is opened, because the coefficients β 0 , β 1 and β 2 depend on the effective quark flavor number n q . Therefore, we use the expression α
are evaluated by matching condition [4] . In Table 4 , the values of Λ We can see that α for q = c, b, t are summarized in Table 5 . The scale dependence of a running quark mass m q (µ) is governed by the equation [2] 
where
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(5.4) The running quark mass m q (µ) is given by
where m q is the renormalization group invariant mass which is independent of ln(µ 2 /Λ 2 ), α s is given by , we can evaluate R (n) (µ) for µ < µ n+1 , where µ n is the nth quark flavor threshold and we take µ n = m qn (m qn ). We show the threshold behavior of R (n) (µ) in Fig. 2 . As shown in Fig. 2 , the behavior of R(µ) is discontinuous at µ = µ n ≡ m qn (m qn ). 
Similarly, we evaluate the light quark masses m q (m q ) by using the values m q (1GeV) and the relation
Running quark mass values m qn (µ) at µ ≥ µ n+1 cannot be evaluated by using R(µ) (n) straightforwardly, because of the discontinuity of R(µ) at quark threshold
The behavior of the nth quark mass m
given by the matching condition [16] 
In Fig. 3 , we illustrate the µ-dependency of the light quark masses m q (µ) (q = u, d, s) which take the matching condition (5.9) into account. We also illustrate the behavior of the heavy quark masses m q (µ) (q = c, b, t) in Fig. 4 . , respectively. The values with asterisk should not be taken rigidly, because these values have been calculated in the region with a large α s (µ).
Reliability of the perturbative calculation below µ ∼ 1 GeV
As we noted already, the values of the light quark masses m q (m q ) (q = u, d, s) should not be taken rigidly, because the perturbative calculation below µ ∼ 1 GeV 
∓0.3
seems to be not very reliable. Let us look at this more explicitly.
In order to see the reliability of the calculation of α s (µ) by using (4.1), in Fig. 5 , we illustrate the values of the second and third terms in { } of (4.1) separately. The values of the second and third terms exceed one at µ ≃ 0.5 GeV and µ ≃ 0.6 GeV, respectively. Also, in Fig. 6 , we illustrate the values of the second and third terms in { } of (5.6) separately. The values of the second and third terms exceed one at µ ≃ 0.6 GeV and µ ≃ 0.7 GeV, respectively. These mean that the perturbative calculation is not reliable below µ ≃ 0.7 GeV. Therefore, the values with asterisk in Tables 5 should not be taken strictly. 
Evolution of Yukawa coupling constants
By using the renormalization group equation, we estimate the Yukawa coupling constants in the standard model with a single Higgs boson.
The quark mass matrices M u and M d at µ = Λ W are given by The renormalization scale dependence of a matrix H a = Y a Y † a is given by [3] 
where t is given by t = ln(µ/m Z ) and the one-loop and two-loop contributions β [3] . For the input parameters, we use the quark masses m q (m z ) in Table 5 and the following parameters in the CKM matrix V [13] :
For the gauge coupling constants, we use [17] α(m Z ) = (128.89 ± 0.09)
The GeV for both two and one loop calculations, the burst of λ occurs at high energy. In Fig. 7 , we illustrate the µ-dependency of the Yukawa coupling constants y q (µ) (q = u, d, s, c, b, t) which take the renormalization equation into account. 
Summary
We have evaluated the running quark mass values m q (µ) at various energy scales below µ = Λ W and the Yukawa coupling constants of the standard model with a single Higgs boson at energy scales above µ = Λ W . Although we have used the renormalization equation, the perturbative calculation below µ ∼ 0.7 GeV is not adequately reliable because the values of the second and third terms in the { } of perturbative series (4.1) and (5.6) exceed one less than µ ≃ 0.7 GeV.
We discuss the grade of parameters fitted in mass matrix models. At present, the "confidence" grade of the "observed" values of the running quark masses m q (µ) and CKM matrix parameters are not equal at the same levels because these values are highly dependent on models or other experimental values (input values). Therefore, it is important for the model-building of quark mass matrix that we know the confidence levels of these values. Our opinion based on the present work is summarized in the following Table:   Table 6 We have classified the CKM matrix elements on the basis of the experimental and theoretical errors. In grading the quark mass ratios, we have considered ratios are reliable in the cases where (1) both two quarks are heavy quarks or light quarks and (2) the mass difference between two quarks is small. Finally, we would like to point out that we should use the running mass values of µ = m Z rather than µ = 1 GeV for quark mass matrix phenomenology, together with the CKM matrix parameters at µ = m Z .
